In the framework of the intermediate vector boson theory, developed in the early 1960s, T * -product induces false nonconservation of angular momentum in the π → µ + ν decay. It points out that if correctly formulated, the pion cannot decay and clarifies how this problem can be resolved in the electroweak theory. In this consideration, some unexpected facts are found.
coincide with the result of operator formalism. Then the concept of T * -product cannot be defined separately from taking vacuum expectation value, and therefore it may become inadequate to discuss physical contents on the basis of path-integral formalism or covariant perturbation theory. Detailed accounts and explicit examples of the pathological phenomena caused by T * -product are given in our recent papers.
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Traditionally, a massive vector field is described by the Proca formalism, because it does not require the introduction of indefinite metric. Its Lagrangian density is given by
with
Since m 2 = 0, (2) yields
This equation should imply the absence of spin-zero part.
, where π k denotes the canonical conjugate of U k .] Hence, as noted above, we need to take extreme care about T * -product.
The Feynman propagator is given by
Hence the commutativity between T * and ∂ 0 implies
in contradiction with (3) . This is the origin of the false nonconservation of angular momentum. On the other hand, if T -product is considered, we have
From (6) , using the noncommutativity between T and ∂ 0 , we can show that
in conformity with (3) . Three decades ago, we proposed a more satisfactory formalism for the vector field, called the B-field formalism, 5,6 which has a smooth massless limit. Its Lagrangian density is given by
We have ∂ µ A µ = 0 directly from (8) . Since (8) involves ∂ 0 A 0 explicitly, A 0 has its canonical conjugate. Canonical quantization requires the introduction of indefinite metric, but the physical appearance of negative-norm states are excluded by a subsidiary condition, as in QED. The Feynman propagator is given by
It is consistent with 
Then, the decay amplitude of φ is nonvanishing a if the free Lagrangian density of W is chosen to be the Proca one, while it vanishes if the B-field formalism is employed. Thus the choice of formalism changes the physical contents of the theory. Which choice is right? The correct one is, of course, the B-field formalism, because the Proca formalism contradicts the angular momentum conservation law. Thus we should conclude that the intermediate vector boson theory cannot explain the pion decay.
Then the following question naturally arises: How can the actual charged pion decay without violating the angular momentum conservation law ? The correct theory is, of course, the electroweak theory, which is a non-Abelian gauge theory. Its B-field quantization is carried out under the BRS invariance. 7, 8 The vector bosons W acquire their mass by the Higgs mechanism, which is realized by a complex scalar field doublet having four degrees of freedom; one of them is nothing but the Higgs field, while the remaining three are the Nambu-Goldstone (NG) bosons, which we denote by χ. (Note that the widespread catchphrase "The NG boson is eaten by the gauge field to become its longitudinal component" is quite misleading. In the covariant formalism, the NG boson does survive but becomes unphysical by the subsidiary condition. 8, 9 ) The NG bosons χ are massless and spinless. Our crucial observation is that the pion decays through the NG boson:
a If a counter term λφ∂ µ Wµ is introduced in order to remove the loop divergence, the current is no longer conserved. Then the theory becomes unrenormalizable and the positivity of norm is no longer guaranteed. This process is, of course, consistent with the angular-momentum conservation law. Note that the asymptotic field of the gauge field is a linear combination of a free Proca field, ∂ µ B asymp and ∂ µ χ asymp . Then the final question is: Does the decay amplitude calculated by the above process coincide with the conventional one calculated on the basis of the Proca formalism? The answer is "Yes". This is the specialty of the gauge theory: The gauge-fixing plus FP-ghost term is BRS-exact, and any physical amplitude does not depend on it. To see this more explicitly, we quote the Feynman propagators of W and χ (in momentum space) obtained in the R ξ -gauge 10 :
Here α is a parameter involved in the gauge fixing; for α = 0 these propagators reproduce those of the B-field formalism, while for α → ∞ they tend to the Proca ones. The physical amplitudes are independent of α because of the gauge independence of the physical S-matrix. Our conclusions are as follows:
1. In order to avoid the false nonconservation of angular momentum, it is necessary to employ the B-field formalism for the vector boson. 2. The pion decays not through the vector boson but through the NG boson. 3. The NG boson of the electroweak theory is an elementary particle, which decays into observable particles. Hence it provides an example of confinement. This fact encourages the color confinement schemes b proposed by Kugo and Ojima 7 and by Nishijima. 4. Historically, the intermediate vector boson theory was replaced by a gauge theory because of renormalizability requirement. But the present consideration indicates that this replacement was necessary even if renormalizability was not required.
